Application No. 10/780,511 

Reply to Office Action of April 18, 2007 

REMARKS/ARGUMENTS 

Favorable reconsideration of this application as presently amended and in light of the 
following discussion is respectfully requested. 

Claims 1-24 are pending in the present application. Claims 1-5, 8-13, and 16-21 are 
amended by the present amendment. 

In the outstanding Office Action, the title was objected to; Claims 3, 5, 10, 12, 18, and 
20 were objected to; Claims 1-24 were rejected under 35 U.S.C. § 112, second paragraph; 
Claims 1, 2, 7-9, 14-17, and 22-24 were rejected under 35 U.S.C. § 103(a) as unpatentable 
over Nagara (U.S. Patent No. 6,731,584) in view of Koike et al. (U.S. Patent No. 5,625,616, 
herein "Koike"); and Claims 3-6, 10-13, and 18-21 were indicated as allowable if rewritten in 
independent form. 

Applicants thanks the ex2iminer for the indication of allowable subject matter. 
However, Applicants believe that independent Claims 1, 8, and 16 patentably distinguish 
over the applied art and thus. Claims 3-6, 10-13, and 18-21 have been maintained in 
dependent form. 

Regarding the objection to the title, the title has been amended to be more indicative 
of the claimed invention. No new matter has been added. Accordingly, it is respectfully 
requested this objection be withdrawn. 

Regarding the objection to Claims 3, 5, 10, 12, 18, and 20, these claims have been 
amended as suggested by the outstanding Office Action. No new matter has been added. 
Accordingly, it is respectfully requested this objection be withdrawn. 

Regarding the rejection of Claims 1-24 under 35 U.S.C. § 1 12, second paragraph. 
Claims 1, 2, 8, 9, 16, and 17 have been amended to recite a single plurality of amplitudes. 
Claims 3, 5, 10, 12, 18, and 20 have been amended to recite that a power output level is 
maintained at a constant level by adjusting a difference of a preset driving current and a 
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measured driving current, as shown for example in Figures 2 and 5, and Claims 4, 1 1, and 19 
have been amended as suggested by the outstanding Office Action. No new matter has been 
added. Accordingly, it is respectfully requested this rejection be withdrawn. 

The rejection of Claims 1, 2, 7-9, 14-17, and 22-24 under 35 U.S.C. § 103(a) as 
unpatentable over Nagara in view of Koike is respectfully traversed for the following reasons. 

Briefly recapitulating, independent Claim 1 is directed to a laser driving apparatus 
including, inter alia, a current monitoring unit for monitoring a drive current, an amplitude 
control unit for controlling an amplitude of a radio frequency current to be superimposed on 
the drive current, and a control xmit for controlling the amplitude of the radio frequency 
current. The amplitude is controlled based on current values of the drive current obtained by 
the current monitoring xmit at a plurality of the amplitudes of the radio frequency current or 
based on detection values of an optical output of the laser at the plurality of the amplitudes of 
the radio frequency current. Independent Claims 8 and 16 recite similar features as Claim 1. 

Tuming to the applied art, Nagana shows in Figure 1 an optical information 
reproducing apparatus having a laser 5 that is controlled by a driving vinit 21 . A DC signal of 
the driving unit 21 is superposed with an RF signal from an oscillator 23. An amplitude of 
the RF signal is based only on an erasing power Pe and an average power Pr as discussed 
next. 

Nagana discloses at column 4, lines 8-10, that a controller 16 controls the oscillator 23 
to output the high frequency sine-wave signal SI. The same controller 16 "establishes an 
average power value Pr of laser beam LI" to be less than half of an erasing power Pe as 
disclosed by Nagana at column 4, lines 29-34. An amplitude AMP of the high frequency 
signal SI is "converted into the power of laser beam LI" and is represented by MOD as 
disclosed in Nagana at column 4, lines 51-54. The amplitude MOD satisfies equation (2) in 
Nagana (see column 4, line 64). Equation (2) of Nagana limits the amplitude MOD to be 
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larger than the average power Pr and smaller than twice the difference between the erasing 
power Pe and the average power Pr. 

However, Nagana does not teach or suggest that the controller 16 determines the 
amplitude MOD based on current values of the drive current at plural amplitudes of the 
radio frequency current as required by independent Claims 1, 8, and 16. In this respect, it is 
noted that Nagana uses only an average power Pr and an erasing power Pe (a constant) to 
determine the amplitude MOD, and these values are not determined at plural amplitudes of 
the radio frequency current. 

Even if the outstanding Office Action interprets Claims 1, 8, and 16 to require that the 
amplitude of the radio frequency cxurent is determined based on detection values of the 
optical output of the laser, this operation is still performed by the claimed device at plural 
amplitudes of the radio frequency current, a feature that is not disclosed or suggested by 
Nagana . 

The outstanding Office Action relies on Koike for teaching a current monitoring unit 
for monitoring a drive current. However, Koike does not cure the deficiencies of Nagana 
discussed above with regard to Claim 1 . 

Accordingly, it is respectfully submitted that independent Claims 1, 8, and 16 and 
each of the claims depending therefrom patentably distinguish over Nagana and Koike, either 
alone or in combination. 
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Consequently, in light of the above discussion and in view of the present amendment, 

the present application is believed to be in condition for allowance and an early and favorable 

action to that effect is respectfully requested. 



Respectfully submitted. 



OBLON, SPIVAK, McCLELLAND, 
MAIER & NEySTADT, P.C. 




Customer Number 



22850 



Bradley D. Lytle 
Attorney of Record 
Registration No. 40,073 



Tel: (703)413-3000 
Fax: (703)413 -2220 
(OSMMN 06/04) 



Remus F. Fetea, Ph.D. 
Registration No. 59,140 



l:\ATTY\RFF\27S\275835\275836US AM 7-16-07.DOC 



15 



Proof: (34) comes from the definition of S. (35) can be shown by construction. Let us 

take 

v^SNRB 4 ^c-min{A~|^(HHt) ,l} • I. (36) 

Then, tlie power constraint (6) is always satisfied with c = (SNR"^ + 7rip)~\ Since c = SNR^, 
we have 

1 < 1 + A„,ax(PPO < 1 + SNR-"-- ^ SNR° (37) 

where Qmax is the exponential order of Amax(G^G) and is positive with probability 1 in the high 
SNR regime [6], [10]. ■ 
By lemma 5 and the concavity of log det on positive matrices, we have 

logdet (l + SNRHH^^ > log det + SNRHH^^ > log det (l + SNR(1 + A„,ax(PP^))~^HH^) 

with 



F O 
PH F 



Therefore, with B in (36), we have logdet (l H- SNRHH^) = logdet + SNRHH^). Assume 
that in the rest of the proof, we always consider B being in the form (36). Then we have 



2^ix.ax - max 



J(x; VSNRHx + z) > logdet (l + SNRHH^) 



(38) 



t 



where B is the set of matrices B that satisfy tlie power constraint (6). Define M = I+SNRHH', 
we have 

I + SNRFF^ SNRFHtpt 



M ^ 



Using the identity 



det 



_ SNRPHF+ I + SNR (FPt + PHH+Pt) 
= det(A)det.(D - CA'^B) 



A B 
C D 

and some basic manipulations, we have 

det(M) = det(I + SNRFF+) det (l + SNRFF^ + SNRPHnH+P^) 



(39) 



where = I — SNRF^(I + SNRFF^) ^F is positive definite. By the matrix inversion lemma 
(I + LCR)"^ = I - L(RL + C-^)"'R, we have 

n= (I + SNRFtF)"\ 
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From (38) and (39), we can obtain two lower bounds on Zmax- The first one is 

Zmax > 2 log det(I + SNRFF^). (40) 

The second lower boimd on 2^ax is 

2™ax > logdet(I + SNRFF^) + logdet(I + SNRPHfiH^P^ 
= logdet(I + SNRF+F) + logdet(I + SNRnH+ptPH) 
= logdet,(I + SNRF+F + SNRH+ptPH) 

> logdet(I + SNRH^ptPH). (41) 
Since in (36), min {A"^ (HH^) , l} = SNR°, from (9) and (41), we have 

Imax > logdet (I + SNRH^G^GH) . (42) 

The outage probability is 

^ . f 21ogdet(I + SNRFFt) < 2rlogSNR, 1 
Prob {X^ < 2r log SNR} < Probj ^ SNRH-CGhI < 2. log SNR ) 

= Prob{21ogdet(I + SNRFFt) < 2rlogSNR} 

.Prob{logdet(I + SNRHtG^GH) < 2rlogSNR} 

= SNR"^*'*'^''^'^^"^^^^) 

where the second lines follows from the independency between F and GH. 

Appendix IV 
Proof of Theorem 2 and Corollary l 

A, Proof of Theorem 2 

As in the case of the single-relay channel, we need two lower bounds on the mutual informa- 
tion. Since the mutual information of the N-relay channel is the sum of that of the N single-relay 
channels, these two lower bound can be obtained directly from (40) and (42) 
J(x; a/SNRHx H- z) > 2iVlogdet(I + SNRFF^) 

N 

X(x; \/SNRHx + z) > log det(I + SNRHJ GtCiH^) 

2=1 
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The outage probability is upper bounded by 

Prob { J(x; \/SNRHx + z) < 2Nr log SNR} 

<Prob/ 2Anogdet(H-SNRFFt) < 2A^rlogSNR, 1 

" \Eijogclet(I + SNRHtGtGiH.) <2A^rlogSNRj ^^^^ 

Let us denote Xi = logdet(I + SNRHtctCiH,) and oci the set of exponential orders of the 
ordered eigenvalues of Hi+Gi^GiHi. The pdf of ttj is p^, = SNR-*>< where from (31), do^ is 
nondecreasing with respect to the component-wise inequality, i.e.. 



dcj > if a- '>! oii. (44) 



Let us define 



I i=l fe=l J 

ibility is 

jj^Xi < 27Vr logSNRj = Prob {{ajili e 0,{r)} 



Then, the outage probabihty is 

Prob ^ , _ 

I i=l ) 



where dreiay is 



AT 



= inf ( inf dn,. \ 



with the second equality from the fact that the minimal elements lie always in the boundary 
when (44) is tme. For GjHi same distributed for all L we can have (13) by the convexity of 
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B. Proof of Corollar)) 1 

For simplicity, we prove the particular case N = 1 here. For .V > 1, same method applies. The 
lower bound is a direct consequence of theorem 2. The upper bound can be found by relaxing 
the half duplex constraint, i.e., H = T [PH F] with all matrices being similarly defined as 
before. Define H = [PH F]. First, since I >z T+F, we have 

Z(x; V^Hx + z) = logdet (l + SNRhV+Fh) 

< logdet (I + SNRFF^ + SNRPHH+P*) (45) 
= logdet (I + SNRFPt + SNRG(SNRBHH+Bt)G^) (46) 

< logdet (I + SIMRFFt + SNRGG^) (47) 

where A^, /i< are ordered eigenvalues of FF^, GG^, respectively and au A are exponential orders 
of Ai, Ati. Therefore, the channel H is asymptotically worse than the channel [G F] in the high 
SNR regime and we have dpCO) + ^0(0) > cCf.atCO)- 
Then, since I >: F^P^PF, another boimd is 

J(x; V^Hx + z) < logdet (l + SNRFFFtpt) + logdet (I + SNRFPHH+ptFt) (48) 

< log det (I + SNRF+F) + log det (I + SNRH^H) (49) 

from which we have dpCO) + dH(0) > fW.NCO)- 

When the channel is Rayleigh, proposition 1 applies. As indicated in remark 1, we have 

dcH = min{dG,rfH} for \m - n| > Z - 1. 

APPENDIX V 
PROOF OF Theorem 3 

To prove theorem 3, it is enough to show that in the high SNR regime, an error occurs with 
the rate-7i NVD code X only when the channel is in outage for a rate ^r. To this end, we will 
show that the enor event set of X is actually included in the outage event set. 

A. Outage event 

For a channel the outage event at high SNR is [10] 

0(7) = {H : logdet (I + SNRHH^) < rlogSNR). 

DRAFT 
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Let us develop the determinant as^ 

det(I + SNRHH^) = 1 + ^SNR^A(HH+) 



i=i 



where A(M) is the sum of (^) products of i different eigenvalues of M, In particulai; we have 
A(M) = Tr(M) and Dn{M) = det(M). Let denote the zth ordered eigenvalue of HH^ 
and ai denote the exponential order of A,;, i.e., A^ = SNR'""' with Qi > > • • > Og. Then, 
we have 

Di = SNR- ^U-^+i for i = 1 . . . g 

since Y^l^g_i_^j is the smallest among all the combinations of i different a's. Now, we are 
ready to write 

C?(r)=|H : l + 5ISNR*A<HHt) <SNR'*J 

= {h : SNR*A(HHt) <SNR^ Vi=l...g| 

(50) 

B, Error event of a rate-n NVD code 

Let us now consider the error event of a rate-n NVD code X, We will follow the footsteps 
of [li]. Using the sphere bound, the error event of ML decoding conditioned on a chamiel 
realization H is 



C |w : ||W||^ > J 



''To see this, consider the identity det(M - xl) = (-1)" fJ(.T - A,) where A,'s is the eigenvalues of M. 
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where cZ^j^ is the minimum Euclidean distance between two codewords in w is the exponential 
order of ||W||p (~ xlnnnT^ ^^^^ Therefore, the error probability conditioned 

on H is 

P£» <Prob{-u' > 77} = SNR-'^-'i" 

where by lemma 4, we have 

inf nRiXTU^^ = 0, for ?7 < 0 



df|H = <"^''"' (51) 
too, for T] > 0. 

Then the average error probability becomes 

Pe = J Pf„PH(H)dH 

< f 7)H(H)dH 

Jr}<0 

= Probjr? < 0}. 
Therefore, we get the error event in the high SNR regime 

SQ{a : 77<0}cp|{a : ^ < 0} (52) 

with ^ being any lower boimd on 77. Using the same arguments as in [11], with a rate-n NVD 
code, we can get g lower boxmds on d^^^ 

SNR" = dLn(«) > SNR'^^°'\ j = 0, 1, . . . , g - 1 

with 

Finally, from (52) and (53), we get 

^c{a:<5j<0, = 0,1,...,^- 1} 

= I J] Qfc> (n-j)-|r, V:? = 0...9-ll 

which implies that 



(53) 
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Appendix VI 
Proof of Theorem 4 

Consider the channel A = dia.g(Hi, . . . ,HaO with being similarly defined as H in (8) 
except that G,H,B in (3) are replaced by Gt,Hi.Bi, respectively. Since one channel use of 
A is equivalent to 2N channel uses of a jV-relay AF channel, i.e., 

Ca = 2A^C4^,A. (54) 

where Ca and Cat.n are the capacities of the channel A and the equivalent A^-relay AF channel, 
measured by bits per channel use. Therefore, we have 

44^,;v(r) = d^^^^r) = dT{2Nr) (55) 

where the first equality comes fi*om the fact that the outage upper bound of the tradeoff can be 
achieved [6] arid the second comes fi-om (54) and the definition of outage since 

P^,{2Nr) = ProbjCA < 2A^rlogSNR} = Prob{C^,Ar < rlogSNR} = /^'"^(r). 

On the other hand, by using a code C defined above, an equivalent channel model of the 
iV-relay channel is 

Y = V^NR AX + Z 

with X G A'. By theorem 3, we have 

rfc(r) = dA'(2r)><(2AV). (56) 

From (55) and (56), we obtain 

dc(r) > ^kr,A'(r). 
Appendix VII 

C8 IS NOT A NORM IN K 

We prove, in this appendix, that Cs is not a norm of an element of K = Q (Cs, Vs). Assume 
that Cfi is a nonii in K. That means 

3x G K, A^K/Q(C8) i^) = Cs. (57) 
Consider now the extensions described in figure 6. From eq. (57), by considering the left 
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extension of figiire 6, we deduce that 

^K/Q(i)(a-) = ^Q(C8)/Q(i) (-^Wq(C8)(-'1^)) = Cs • riCa) = -i- (58) 
Now, we deduce, from the right extension of figure 6 that 

NK/Q(i)ix) = ^Q(i,V5)/Q(i) (^K/Q(i,>/5)(^0) = "i- (59) 

Denote y = A'K/Q(i,V5)(^0 ^ Q Then the number 

z=- — 2 — y 

has an algebraic norm equal to i, and belongs to Q (i, \/5). In [12], it has been proved that i 
was not a nomi in Q (i, Vb) . So, Cs is not a norm in K. 

Appendix VllI 

Cic IS NOT A NORM IN Q (Ci6, V^) 
The proof is similar to the one of appendix Vll. First, we assume that Cig is a nonn in K. 
That means 

We deduce that 

NK/Qnyix) = iVo(CiG)/QW (^'^iNi/QfCKoU)) = Ci6 • r (Cie) • r- (Cig) • «i6) = -i- (61) 
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But we also have. 

Denote y = N^/Q(^i^^i^{x) G Q (i, \/5). Then the number 

1 + 

- = —2— -2/ 

has an algebraic norm equal to z, and belongs to Q (i, \/5) which is a contradiction. 
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Receive Eb/NO(clB) 



(a) 4.QAM 




3 6 9 12 15 18 21 24 27 ' 30 33 36 39 42 45 48 51 



Receive Eb/NO(dB) 
(b) C4-QAM 



Fig. 7. AF single-antenna single-relay channel, Rayleigli fading. Golden code 
February 7, 2006 



DRAFT 



39 




0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 

Receive Eb/NO(dB) 

(a) 4.QAM 




6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 



Receive Eb/NO(dB) 
(b) 64-QAM 



Fig. 8. AF single-antenna 4-reIay channel, Rayleigh fading. €4,1 
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Receive Eb/NO(dB) 



Fig. 9. AF single-relay (1,2,1) channel vs . single-antenna 2-relay channel, Rayleigh fading, €2,1 with 4-QAM 
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Receive Eb/NO(dB) 
(a) 4-QAM 




9 12 15 18 21 24 27 30 33 



Receive Eb/NO(dB) 
(b) G4-QAM 



Fig. 10. AF sin«:lc-rclay (2,2,2) Rayleigh channel, 4x4 Perfect code 
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Receive Eb/NO{dB) 

Fig. IJ. AF single-relay (2,2,2) Rayleigh channel, log-normal shadowing with variance 7dB, 4-QAM, 4x4 Perfect code 
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